Neutron Diffusion and Nucleosynthesis in an Inhomogeneous Big Bang Model by Lara, J F


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. 1. Number densities of neutrons, protons and 4
4
He
























Fig. 2. Neutron Reaction Rates ( shell 3 and shell 62 )
NEUTRON DIFFUSION AND NUCLEOSYNTHESIS IN IBBN 3
2. RESULTS FOR R
I
= 25000 CM, 
10
= 3





). The horizontal axes correspond to the temperature T from 100 GK down to 0.01 GK and the distance scale
r
i
normalized to 64 dimensionless units, and the vertical axis is number density n(i; s) normalized to the initial
baryon density ( n
b0
). At T = 100 GK number densities in the inner shells vs. the outer shells are large.
Weak reactions convert neutrons to protons until they no longer become signicant at around T = 13 GK.
Figure (2a) shows the neutron-proton conversion rates for shell 3, a high density inner shell ( normalized to
n
b0
and to the expansion rate of the universe _ ). Figure (2a) also shows that around T = 6 GK neutrons
start to diuse signicantly into the lower density outer shells. But since the conversion rates are no longer
eective at this temperature the protons in the inner shells remain there. At around T = 2.5 GK the neutrons
are homogeneously distributed throughout the whole sphere.
Nucleosynthesis occurs at about T = 0.9 GK, when the nuclear reaction n + p $ d +  falls out of
equilibrium. Other nuclear reactions then build heavier nuclei, but most baryons wind up as part of
4
He nuclei.
Because of higher density nucleosynthesis occurs earlier in the inner shells, depleting neutrons. So neutrons
diuse back into the inner regions as shown on the right of Figure (2a). Figure (2b) shows the same reaction
rates for shell 62, a low density outer shell. The rate for n + p $ d +  is lower and atter than in Figure
(2a). Figure (1) shows that most neutrons back diuse into the inner shells and then undergo nucleosynthesis,
leading to
4
He production overwhelmingly concentrated in the inner shells.
The nal mass fraction X
4
He
of the whole model is 0.243664. This is the result for r
i
= 25000 cm and

10









less than 25000 cm
neutron diusion occurs early enough to coincide at least partly with the time when the conversion reactions
are signicant. In the inner regions the reactions convert protons into neutrons that then diuse to the outer
regions where they get converted back to protons. But as r
i






= 25000 cm is the turning point when all the protons in the innermost regions
remain there. For larger r
i
the back diusing neutrons can't reach the innermost regions before nucleosynthesis








becomes signicant at T = 0.9 GK, right during nucleosynthesis. For larger r
i
nucleosynthesis occurs before
































He, where  = 3:0 10
 10
.
3. CONCLUSIONS AND FUTURE RESEARCH
Figure (3a) shows X
4
He
for a range of  from 10
 10
to 3  10
 9
as well as the range of r
i
listed in Table
(1) For all values of  shown one can see the turning points at which X
4
He
increases and then decreases and
then increases again. The code can generate contour maps for 67 other isotope species as well. Comparing
the contour maps of X
4
He




Be)=Y (p) to the
2 ranges of recent observations ( IT, 1998; (Izotov & Thuan 1998) BT, 1998; (Burles & Tytler 1998) PWSN,






































Li)=Y (d)] =  9:45 0:20





A planned article will describe
4
He production in greater detail, describing results for values of r
i
other




and the geometry of the model can be varied in the code. In the future the author
will look at results with dierent values for these parameters. Also, the code has written into it subroutines to
calculate the neutrino heating eect. Electrons and positrons annihilate each other from T = 5 GK to T = 1
GK. Through annihilation and scattering they can transfer some energy to neutrinos, which in turn can alter
the neutron-proton conversion reaction rates and ultimately
4




of the mass fraction of
4
He for the same ranges of  and r
i







but not exactly. The change also remains within an order of 10
 4
. The author will determine if the change
is equivalent to a constant shift of Figure (3a) to the left, and if the coding for the neutrino heating eect is
correctly represented in the code.
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